We have analysed the Constant-Murley (1987) assessment for 25 patients with shoulder pathology. We found the score easy to use, with low inter-and intraobserver errors, but sufficiently imprecise in repeated measurements to give concern in its use for clinical follow-up of patients.
Outcome measures are used in clinical practice and research for assessing the effectiveness of clinical care. They may be expressed in terms of patient well-being or overall disability, or may relate to more specific responses to defined treatment.
To be effective, an outcome measure should be valid, in that the measured response or score should reflect what is happening to the patient. It should be reproducible, so that the same patient with the same level of disability should have the same score when measured by different examiners or on different occasions and it should be relevant, in that what is measured should be pertinent to the patient's diagnosis and treatment. It must also be easy to use in clinical practice.
The information gathered must be readily measured and easily analysed. Qualitative assessment should not be analysed by methods designed for quantitative measurement; the two must not be combined to give an overall score (Bulstrode 1993) .
A number of methods have been advocated for assessing shoulder function. Imatani, Hanlon and Cady (1975) described a scoring system for patients with disruption of the acromioclavicular joint and Rowe (1978) one for use in patients with anterior instability. Others were designed to assess the results of arthroplasty of the glenohumeral joint (Amstutz, Sew Hoy and Clarke 1981; Neer, Watson and Stanton 1982; Warren, Ranawat and Inglis 1982; Barrett et al 1987; Swanson et al 1989) but that of Constant and Murley (1987) was claimed to be applicable to all shoulders, regardless of the diagnosis. This system has a maximum score of 100 points with both subjective (35%) and objective (65%) components. The former includes the degree of pain and ability to perform activities of daily living, and the latter active forward and lateral elevation measured by a goniometer, internal/external rotation assessed by body landmarks reached in composite movements and the strength of abduction measured using a spring balance.
All these systems measure pain, range of motion and function with some overlap of all three when function is being assessed. They all tend to combine subjective with objective findings, and qualitative with quantitative data, although not all give an overall score.
The Constant score is the only measurement which had undergone some validation in the original paper, but this was limited to a study of interobserver error. Our aim was to establish the rate of inter-and intraobserver error using the Constant-Murley assessment and to estimate the reliability of the score.
MATERIALS AND METHODS
Three independent observers assessed in random order 25 consecutive patients attending a shoulder and elbow clinic. The Constant score was calculated by each observer and a diagnosis of arthritis, dislocation or impingement recorded for each patient. Three of the patients (the first attender in each diagnostic group) were assessed on three successive occasions at two-weekly intervals during which they received no treatment. The power/strength instrument was constructed as described by Constant and Murley, with a floor-based pulley measuring strength of pull at or as nearly as possible to 90° of abduction.
The scores obtained from the 25 patients were analysed to assess interobserver error and to compare the diagnostic subgroups. The individual components of the score were then analysed in the patients with impingement. The three patients on whom each observer made three measurements allowed us to quantify intraobserver error.
Two-and three-way analysis of variance (ANOVA) was used to calculate inter-and intraobserver errors respectively. For the former only the main effects of patients and observers were considered, but for the latter the patient ϫ observer interaction and the main effect of observation on different occasions were also included.
As suggested by Snedecor and Cochrane (1980) , the interobserver standard deviation was calculated as the square root of: The reliability of the score was taken as twice the relevant standard deviation, which gives the 95% confidence limits of a single measurement from the true value.
RESULTS
The interobserver scores for the 25 patients are shown in Table I and those for assessment of interobserver variability in Table II . The interobserver standard deviation, calculated as 8.86, gives 95% confidence limits that a single observer measuring a single subject will be within 17.7 points of the true score. Table II shows that on average the observers differed significantly in their total score (F = 4.22, p = 0.02). Table III gives the scores for analysis of intraobserver variability and Table IV the analysis of variance in this group. The suggestion that scores differ on different occasions was not statistically significant (p = 0.08). In this analysis the difference between observers was not quite significant (p = 0.06), but was based on considerably fewer observations than the analysis given in Table II . A single observer making a single observation is 95% likely to be within 16.0 points of the 'true' value for a given subject.
These analyses were performed on data from all of the patients and assessment of this information shows that the three diagnostic groups are themselves, statistically speaking, taken from different populations. This was confirmed using the Kruskal-Wallis (K-W) test which is a non-parametric test used here because the variances in the groups could not be assumed to be equal. The score for each subject was averaged over the three observers. The K-W statistic was then calculated at 14.74 with two degrees of freedom using the chi-squared approximation. This is significant at the 0.01 level, and indicates that for closer analysis the scores should be separated out for each of the three diagnoses. The different groups were therefore analysed using twoway ANOVA to assess the interobserver variation. The F statistic, p value and reliability estimate are given in Table V which shows that with each different diagnosis, although there are no significant systematic interobserver errors, the reliability of a single score is low in the arthritis and impingement groups. The number of patients in the dislocation and arthritis groups was small and the results should therefore be treated with caution. The apparent accuracy of the scores for the dislocation group may be attributed to the fact that, as they were all close to the maximum, the intersubject variation is low.
The different parts of the score were then considered separately to establish their relative contribution to the overall accuracy of the assessment. Because the numbers of patients in the arthritis and dislocation groups were small, the interobserver error was studied only in the impingement group. Two-way ANOVA analysis was carried out as before, with the reliability estimate given by doubling the standard deviation of the within-subject sum of squares. The results are shown in Table VI .
DISCUSSION
The outcome measures used for clinical practice and research should be valid, reliable and sensitive to changes of clinical importance. We have analysed the ConstantMurley assessment in this light.
Accurate measurement of power proved difficult. We encountered several normal subjects, all women, in whom we were unable to obtain a normal score for power. Also, shoulder movement is so complex that measurement of the power in a single arc of movement is unlikely to be representative of the full functional potential.
Although there were few systematic errors, the overall reliability of the score was low, with a 95% confidence limit of between 15 and 20 points out of 100 for a single observation on a single patient. This questions the use of the Constant score for evaluating patients before and after treatment. On a single patient the difference in score would have to exceed this limit to give a meaningful result, and for analysis of groups of patients sample sizes would have to be considered carefully.
The scores for the different diagnostic groupings varied widely. This may be acceptable for the analysis of patients with impingement or arthritis of the shoulder, provided that only patients in one group are assessed. For the dislocation group with instability, however, the scores were all nearly 100 despite the patients having sufficient problems to request medical intervention. In this group the standard deviation of scores was low and the reliability relatively high but the proximity of scores to the maximum suggests 32 (5,5,8,14) 43 (5,0,14,24) 32 (5,5,8,14) 22 I 48 (10,10,12,16) 50 (10,10,12,18) 41 (10,5,10,16) 23 I 38 (5,7,10,16) 21 (5,2,10,4) 27 (0,5,8,14) 24 I 50 (10,8,6,26) 35 (0,5,6,24) 62 (10,20,6,26) * D = dislocation (recurrent); A = arthritis; I = impingement that the Constant score failed to reflect accurately the true levels of disability. In our study the number of patients with dislocation was too small for further analysis. The Constant score is easy to use and has a low systematic error but is not sufficiently reliable for use in the clinical follow-up of patients. In addition, it may need to be revised for use on patients with complaints of instability. New evaluation and outcome measures are still being designed and published without full assessment of validity, repeatability and sensitivity (Richards et al 1994) . Such assessment should be undertaken before these measures are published and brought into use.
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